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^ 1 1 



I 



^ ^ m - ^ n - ^4 ^ ^ S. n n ^ Ml i m ^ 

sL ^ ^ ii: ^ m m ° n :^ a ^ ■ n u u ^ ^ m >^ 

^ 'j^^ - m :^ ^ ^ t m- ; £a f^ m n ^ 4sl t ^ ^ - a 

^ 4i -fit ' n ^ ^ M ys. n u ^ ^ s. ^ ^ ^ ; m M ^ m ^ 

m ^ ^ t ^ ^ - n. ^ ^ ' ^ ± n ^ ^ ^ m n ^ 

^ ^ n M ^ n m :^ A ^ ^ 'i^ ' j-x A ^ i 

^ ^ ^ ^ ± ^ ^ ' ^ m ^ ^ t* ^ 4a ^SL t t >k :^ - ^ 



i -^X#8>^^i^# (^l-a^^^ : METHOD OF STORAGE DEVICE READ PHASE AUTO-CALIBRATION 
AND RELATED MECHANISM) 

The present invention provides a method for 
per f or mi ng read phase auto- c a 1 i brat i on of a 
storage dev i ce and prov i des a re 1 ated mechan i sra. 
The method includes: writing data of at least one 
predetermined pattern into the storage device, 
reading the datai written into the storage device 
using, a read phase- o l a plurality of read phases, 
checking correctness, of the data read by the ^ 




1^ 2 1 




i - ^x^mm^ i^mzm ■ method of storage device read phase auto-calibration 

; AND. RELATED MECHANISM) ; , :.: \ /'■'/'y:.:'- '-]':^- '::: . 

reading step accor d i ng t o t he; pr ede t er m i ned 
pattern in accordance with a read phase of the 
p i ura 1 i ty of r ead phases j and de terin i n i ng a bes t 
phase from the plurality of read phases according 
to the checking result of the checking step. 




^31 



t 




^51 



i - ^tmtH.m (1) 

^ m ^ m ^ - M ' :fci^ - m. u ^ ^ % n 

^ 4iL SL :^ Ti: m ^ PI o 
I it M it m ] 

n - U ^ ^ S. ( -ko - $b m ^ ^ # ^ iZ 'It It --DRAM^ 
Dynamic Random Access Memory) :^ tf ^ » ii. ^ 

^^-^-^n.^ ( DQStfL ^ ) -f^ ^ ^ # ( latch) 
^N- m ^ 6*? ^N- >^ 41 ^ o =f tfi ^ .im - tb ^ ^ 1^ — 

it ^ ( delay chain) ^ ^ ^ X m ^ 't ^ m. m 

t ^ m t^l M ' fij # tfi !^ it ^ 1^ ^ it ^ ^ ^ — 
# it ^ it ( standard delay cell) # t 4l - # j!^ 

it it 41 1^ ib m !^ o ^ t - # # ^ it ip- it 41 ^ Hi m sfe 

*h M ^ — tt ^ 4a /fc. » M ^ ^ — A ^ E9 i?- 5£. it it 41 

54 it ^ t ; # # 5^:^^ .^^^^^ >^ ^ ^ ^ d} 9 0 

>^ ^ iSO]^ - 2 7 0^ > 3 6 bit^^ ^Sl m M m ^ tfL 

4a #^ ;^ 1^ # # m ^ tt ^ fst # fs# # ^ ^ 41 t # 41 

it#i-4a^i#. ^jS^t^a-ist - -^tt^nm^n^^^^^^^ 

- it # 41 ^- >a ^ .» ^ tS: tf 41 .jZ? it 4a Ba * >1'J >a - 
n^"^ ^ ' *tg*#i^54it-^it4i^d}i5fe'tt^^-^ 




^ 6 S 



i > ^^mmm (2) 

^ n m ^ m ^ ' u :^ m m ^ ^ % ^ m ^ n ^ ^ 
-fi <• m A, ^ A ^ tk M ^ 4^ ^ n ^ ^ m - ^ - m 

# # ^ ^ ' 1 ^ M. A ^ i M. 4k ^ ^ m m ^ ' ^ '>^> m 

^ t fal - A ;^ - # # # ^ # - o«c 41 Hp ;?.J l: Sg. ;fe 

i€. - # JL ( rework) a # ?iL ^ *h ^ # ^ ^ 41 
[ ^ ] 

S lib ^ -?s^ 41 ± # a S^-ii^^'^^— 

;fa >(4 4^ jL >ir >4r ^'J ' )^ ^ Ji idt P-l 51 «» 

^ # ^ ^ - ^4 - # ^ ^ it. e tf V ;fa jt ^ 

:^ >t ' :^ : U #t # ^ £ :^ # v- 1i ^ ^ ^ 

( predetermined pattern) 41^ 7^- » J-X^^l. 'fil tf :^ ;|=g -fi. 

# t ^ - It ^ 4a ' It ^ 7^ M U # ^ S. 41 t M ; m 
M n ^ ^ It ;fa # t 41 - \ M ± n ^ ^ 
^ M, m It 41 t 4a jr=f >it ^ ^ m:A :^ JB: ^^ ; j-x A 

i m ^^^ ^ M ^ - 41: -^^^^ 

^ ^ - #it ^ 4a >fit o 

^#a^;^r^:^^Jli^c;$■^i■4l^5]B^ . m M ^ m - m 

n - m ^ ^ ^ ik n n ^ ^ ^ u ^ ^ jl 4i t . -ni € 58- ^ 





^71 



^ >fiL # t ^ — $SL 4i 'fi ' ^ m It lit -fi -fit 1^ its - 
iit # ( multiplexing) - it m fl; ♦ J-X 4^ # ( latch) 

tt # ^ 1^ iU 41 1 ^4 >.ii «• n ^ JL m ^ n *a # tt ^ 

J:- iS # m !^ # Ji it # tt 5i it ^ ^ A. tfl !^ 4; tt ^ H 

^ % m ^ ^ 'ik %^ Pi sj^ n ^ "SifL 4a >fiL .4:. ;Nc je. • S lib ^ Ip 
>i: J& ^ tf 4L FbI > A ;^ ^ ^ # ^ ^ » 

^ ^ ' ^ # 4:- ^ >ir ^ It i4 # tt ^ ;fa i JE- ' 

it ^ # - >i ^ Ep >^'J t 5^ ^ i£ - -f-l- JL ( rework) a 

ik, ^.n fst # ^ ^ 41 t* ^ 4a o 

[ ^ ] 

^ 4a 'fi it ^ ^15^ m ^ ^ @ ' ® — ^ ffl — 

41 ^fe ^'J 4L ;5r 41 4a it # 41 7F ffil o # ^ ;5fe -f^-J 

^^-^irf-f5##^^ ( ;Jr^ 4^ ^ ^fe ^^-J DDR ^ Double 
Data Ratete. -It ^ >^ -f^'J 4a M S tf ) it -ft ^ 4a 

^ ^ SL ^ ^ " ^t^^ 10> 20^ 3 0> ^ 40^s^;^BI— 41 




^ 8 I 



i - ^BfllJtBfl (4) 

^ f J 7t 2 1 0 1 it ° J-x T ^ ^ ^ iL ^ # 8^ ^ 
H ® ' 4^ * >5fe ^ ^ IJL T » 

10: m m m ^ ^ ^ n ^ M. :}^^ - m ^ ^ik A 

( predetermined pattern) 4l ^ 5^ ; 
^ III 20 : U^^^ ( ^ 4-^^ ;5fe -f?.] # + 7^ -fS ) It ^ ;fa 

t ^ - ^ -fi > It ^ ?i :^ ^ ^ Ml ^ 't 

^ ' ^ f t$i ^ m n ^ i% m ^ - 4^ ^ 

MM ( reference signal) t% ^ m ^ ^ ^4 ^ 

^ 1. 4:- t # 41 ^ 4i -fit ' ^ 4^ m ^ ^, ^ - 
FA^ m!!l. ( strobe signal) ^ — B^aif^tfL^ ; 

^ III 3 0 : # ^ -fa ^ ^ -(St t 4L - It ^ ;|=a -fit » 

jk ± n ^ ^ m n ^ ^ t n 4a ^ ^ ^ 

^ JL ; 

40 : # i$i ^ ± ^ m^.^k ^ i# ^ ' ^ m ^ m t* ^ 

yta ^iL # t ^ ^ — lit ;fa -iiL ; j-x ^ 
# 1^ 5 0 U $5L m /(SL ' ^ Jt- H 2 3 0^ it # J. — 

^^^^^•^^^^^^^^^^^ ^ ^^^^^^^^^ ( delay chain) 2 2 04l^>^ — # 5^ it 

^^^-^^^^^^^ -^^ ( standard de l ay ee l 1 ' ;^r^ @ — 1* + 5. 

i€ # 70 1 0 1 V 102 > 103- - 15) # 

t ^ - # 54 it # it 1^ ib i^fe ^ 41 tfl Ife 

-f^ ^ # ( latch) m ^ ^ Ml m ^ a ^ ^ 

t^#t#^^4it#. - - 




5^ 9 K 



^-^mt^m (5) 

m 1 04:: ^ ^J'^- ^ ^ # ^ - >|® -t- it >fit 1^ 5^ 

a ' Bp - 'f® j:. it -fit *t 0 1 0 1^ 1 0 1 0 » IT ^fe t ' 1 0 

— >f@ + 5^:it.^4j^5aica5' gp->(gl 
^ it -fi ^ 01011010^ 1 0 1 0 0 1 0 1 » >J :l{t. i ;^ E9 it # ^ 

1 O-g" ^ ;3'J irt >fe. Jtit 0 - 5a5a5a5a - aSaSaSaS" 

2 O-sr 4f + 5^ -f® 4a ^4 n ( n = 1 5 ^ 1 4 - — — - 0 » ^ M M ^ 

J9f^ CK = 3 2-(n/2)*4 + 2 + l) k 4Sl i± 0- Itt ^.^jt :^ ^ # 
^ S. ^ J. - ^ ^ # ^ t # " ffij ^ ^ 3Q# ^ # 20 
m tt ^ t ^ ^ 1^ ^ ^ 1 04::" 5. - ^ ^ ^ 5a^ aS-^ 
^ ' * .i# ^ -sr U 4.:^ ^ ^ P+ ?'J Resul t[m] [n] ( in = 3- 

2 - 1 > 0 ' ^ ^'J M M «^ 1 04 E9 -ii # t 6*1 - t ^N- 5a 

^ a5) V * t ^ M ^ Resul t [m] [n].= HA^ ^ n ^ ^ ^ ' 

i M ^Result [in] [n] = 0^ ^ W ^ ° ^ 4 0#. ^ m 
+ ^ tt ^ ^5. # t ^ tt :^ ^ m >L it 4b -fi t ^ - t 

m 4§ -fi -f^ ^ *t /fi 49 -lii - m t$i ^ m 4a ^iL ^ n ^ ^ tn ^ 

^ ^.4^ it #t 4a -fiL # t m H >^^jtt:!^^ii'ffitJLt 

4:; 4b 4Sl " M -kP -^ M^ ^^ M n^^ = 15 - 1 4 - ••• ••• v 04l ^fc^ 

i J# ^ Resul t [ra ] [n]:^^,^^^^^^^ = 

0 000 1 1 1 1 1 00000 0 0 > m n ^ M ti ^ U it 4a -fA n = 

11^ 1 0 > 9 ^ 8 ^ It ^ ^ m f'l 'm j^^sL^^^sSi^jL^ 

^ ^ n = 9Pp ^ ^ Best_phase» M M % :^ 

^ ^ ^{i^ ,tt start_pt.^ Resul t[ni] t 1 5 : 0 t 1 15^1 ^ {Ij. 

J£ 4 n = U ' it ^ ^ ^ ^ .ffc. end_i)t-^ >^ Result[in][15:0] 




^ 10 1 



i - #a^l£a^ (6) 

t t 1 lOPffI ^ rfj n = 7 ' S itb ^ #: >fit Best_phase = ^ 

start_pt + (end_pt start_pt) / 2 = (start_pt + 
end_pt) / 2 = (ll+7)/2 = 9» 

^ ii^ m t ' M # ^ £ # > - 1^ # ^ it 

•It It ' M. 3. m $^ ^ in ^ — DQSm Ife <• DQStfl it — 

tb ^ n # >^ 4; - )^ # tfi TDO ° Fffj ^ f 'J ^ 7t 21 om ^ ib ^ 

^ it # m lit; SEL^ m it ^ m ^ m it ^ ^ ^SL ♦ 

MM ^ m ^ VL TDO^ 5$: it 4^ ^ # tfl TDl - TD2 ^ 

TD3 V TDl 5 ' m it m 50#, *a ^ ^ # 1TL 5!^ SEL 

m 'a * 4^ ^ -a ^ m ^t^T^ TDO> TDl V TD2- TD3- 
TDlSiH # ^ t ^ - -f^ il5 # m 5^ TRIG» 

i^ ^ ^ ^ ^ m ^ » ^ «fe Y?'J il: ^ _L iilt >r ^ W^J 

' '71^ # >!t iiij. il: ^ - ^ ir^ - #t ^ ^ ( ^ 4b 5d ® 

) it # It ^ 4a -fit ^ i ^ 2^ ' -it ^^Jfe t ' 

t & ^ # : - ^ tJ.,-?-^^ 210.( ^ ^^ -S'^fe R# >^ - ^ -^i Ifl 

^ -4 s II ^ - ^ : > .. V ^ ^ # ^ i V ffl i 

-fgl ^ ;t9 # ^ 7k - ^ ^ ^tL ' ji ;fR # >jc 4a -fiL |# 
iU - # j:- it # tfl SEL ; 5i it ^ 220 ' ffi * ± J. - 
it tfl. ( fl^r it ^ ^ # m Sfe TDO > TDl- TD2> TD3> 

TDl 5) ; a ^ - # Ji a 230 ' M ^ ^ ^ #1-^ it.. 210 

|a^it^220' ffl^4a#:.#j:-.it^1fl.^ SEL^ 3^: it ^ 2 2 0^ 
M. ^ ^ ^'it tflM.'tt^j:-it# ( multiplexing) - ^ it 
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s.^^^mm,m (?) 

m ^ ' a m ^ ( 1 a t Gh) # ^ S ^/r ^ it} ^ t >4 - 

mm t ' ^ H 230j^ ^ ^ it # tR It; SEL^ 

iS # ^ it ^ 220:^ ^ ^ tn. St TDO>f^ 4, # i H 230:^ |# iij tfl 
3^ TRIG- 

a _L ^/t it ^ >^ ^ # ^ lit -fi ^ ;5& ^?'J ' /L -^c 11- t 
tt # ^'J Ig. gl m ^k. # ^ -fb . >!i 4 ^ # a^ * m 

^ }^ M. $L m ^ 




m A ^ ^ m 

^ Tf: ^, H - 

m ^ M ^ — ^ :^ }i: ^ m ^ ^ m ■> 

101, 102, , 115#i^34it*it 

210 k M ^ 7t 
2 2 0 34 it M 
2 3 0 ^ ^ 

DQS, VREF, TDO, TDl, , TD15, SEL, TRIGtflll. 
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I . - ^ n - ^ ^ Sl 3^ n n ^ ^ jL ^ :^ Ti: > u ^ A 

tL ^ : . 

m n U ^ ^ ^ M ^ - m ^ A ( predetermined 

pattern) ^ ^ # ; 

J-x ^ M ^ ^iL t ^ - >a -fi ' m m # ^ ^ ^ 

tb lit m n ^ ^ n ^ n m :^ m ^ ^ m ; a a 

m # tb ^ > » ^ -fa -fit "t t ^ - t* ^ 

2 .>» t tf # ^'J H. ®. 1^ iJ^ m i4 ^ ^fc . ' ^ ^ ^ M. m^n /iSL 
"(^^ ^ M ^ — ^ ^ ^^ (ref ere nee signal) » 

3.:{to t tt # ^'J !§. gl ^ 2 m m iiH:^ ^ >k ' ^ t ^ 4^ tfl ^ 

# ^ — tfl fl; ( strobe signal) ^ — mk Ifl fit ° 

4 t # ^^>J |& m ^ 2 ^ m >^ ' t #t # ^ £ 

# ^ - $fi m M w4 ^ t^. m ^ ^ C d ' M. m # 4^ m 

Ife >^ — DQSm at - 
5 . :{to ^ # ^'J IE g| 1^ 1:^ ^ i4k ^ >5r >fc ' ^ t ^ # ^ i # 

>^ - te. -It 11^ « " 
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#. M - DDRCDouble Data Rate) le. -It ^ - ^ 

l.-kp ^ n ^ ^'l ^ m ^ im ^ ^ ^ ^ . ^ t It ^ ^ 

5- - 1^ ^ ^ ^. >^ - -f® + 5^ it -fe: #L 5^ a ' - >|g| ^ 
it -fi OlOm lOlO- 
S.^Jto t t# # ^'j IE ® ^ 7 ^/f i4 ^ ^ >k ' * ^ n % ^ ^ ^ 
5- i!'^ - ^ ^ ^ - -fS) + 7^ it -(i 5a^ a5 » - 
>f® — it 1^ 01011010^ 1010 0101 » 

9. *' t * ^'J ^ ® 1^ im m ^ ^ }^ ' ^ t tt ^ >. > in #, 

tt ^ ^ ^ It #1 # ^ ^ - f^. ^ # ^ 4^ Ji4 o 

10. :ito t tf # ^^la S ^; 1:^ m ^ >fe ' # t tb lit # ^ 

tb ^ m ^ #1. < W ^ ^ ^ tt 5g ^ ^ t fl- 4a 

1 1 t 4 ^'J le. m m iHL^ ^ * t tt 7^ ^ # «?i ; ' 

1^ ^Fi -fa ;fa -fit # t: -it ^ JE. ;6S ^ ;fa >fA t ik. ;^ 7-vvfa -fiL 



12 . t . ffl^ 
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- ^ 7t ' m ^ M. m ^ # ^ £ ' m ^ ^ ^ m 

-fit -t t ^ ^ - tt /fs ' ^ n n ^ ;fa ^fi. ^ ih 

- it # m : : 

- ^ ^ ' ^ ^ A ^ ^l ^ M ^Q ^ it m. ; i-x A 

- ^ ^ ; M ^ ^ ^ #'J 7t 14 it M ' ffl ^ 

: ^ M it # m ' v :^ ?1 ^ ^Sl t t iS # ^ iij - ^ 

'fit - 

t tf * ^'J le. g| ^ 1 m itL t ' * t ^ ^-J 7t 

t tt ^ ^'J m g| 1^ 1 3:^>t m ' * t ^ f 'J 7C. 

- ^ ^ » 
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40 



*ii%iiL ' # x m # S ^ - ^ 
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• .1 




(4.6;&)tt*lS#^#4:# 
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(4. 6j&)t^t*#^^:M#^ J.tft^>^a-f&^ *<;4icJE;5r.>fc^4a:Ba4^f'J 




